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@ An apparatus for correcting images includes: a test signal generator for generating a test signal: a display 
device for displaying the test signal in a region on a display screen: an imaging device for imaging the test 
signal displayed on the display screen in a scanning direction so as to produce an image signal having a rising 
linear portion and a falling linear portion along the scanning direction; a position calculator for calculating a 
position of a centroid of the image signal for each of R, G and B colors, based on the rising linear portion and 
the falling linear portion; an error detector for detecting an amount of error between the detected positions of the 
centroids for R, G and B colors; a correction circuit for correcting a convergence and a geometric distortion for 
the region, based on the amount of error. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

5 rti « J he H PreSenl invenlion ,elales lo a " »" a 9e correction apparatus fo, correcting images which are 

2omS a ,'r 3 I te ' eViSi0n ,eCeiVe '- m0 ' e Pa,tiCU,a " y l ° a " ima9e coniction'appa at s for 
br iohTntf " m 9 CO,TeC,i0ns such aE convergence correction, geometric distortion correction 

bnghtness correction, and focus correction. 

ro 2. Description of the Related Art: 

Generally, in a projection type display or video projector for projecting enlarged images onto a screen 

«on b iv rojection , tubes r pectiveiy producin9 three ^ ^ ° jrzz 

reparation bnghtness vanation and out-of-focus may occur in displaying the images on the screen This i* 
onTa U nothen ^ ^ " ^ **" ^ ^ l ° *» •«•" are dJf'ent from • 

r eO ,,Ipr!| COnditi0nS Can , be C ° rreCted manUa " y by VieWi ° 9 ima 9 es with the H ^ever. such a work 

requires a large amount of time for correcting images. 

A digital convergence apparatus, implementing a method for achieving highly accurate convergence is 
disclosed ,n Japanese Patent Publication No. 59-81 1 4. An automatic convergence correction apparatus 
■mplement.ng a method for automatically correcting deflection distortion, is disc.osed el in 
Japanese Paten, Publication Nos. 3-38797 and t-48553, and U.S. Patent No. 4,999 703 A convergence 
error correcting method for detecting and correcting convergence errors is disc.osed in Japanese L^d open 
Patent Publication No. 64-54993. A convergence error correction apparatus for a projeSon type^sX 

71 "TV meth ° d '° r aul0matica,| V det ^ing and correcting convergence errors. ,s Sctosed fn 
Japanese Laid-open Patent Publication No. 63-48987. aiscioseo in 

Figure 38 shows a configuration of a prior art automatic convergence correction apparatus for 
automatically correcting misconvergence. apparatus ror 

for lonveTZT COnve '? enCe corr ^tion apparatus includes a display device 101 which is to be adjusted 
Z COnvar 9 ence: . a s ' 9nal generator 102 for generating a signal for adjusting the convergence- a sional 
selector 103, an imaging device 104 for capturing an image displayed on the display device 101 an image 

?06Tc 0 on r oV 0 ^ C h alCUla,i, : a Centr ° id and det6CtinQ the am ° unt 0f -isconverg'ence and a contToXr 
106 for controllmg the signal generator 102. the signal selector 103 and the image processor 105 

3S above :i.re ra dr C rrberbe1ow matiC C ° nVer9enCe C ° rreCti ° n ^ th6 configuration mentioned 

The signal generator 102 generates a repetitive pattern of a low frequency which has the waveform 
shown in Rgure 39. In Figure 39. the x-axis corresponds to the horizontal direction of the d play sc rZ 
and y ax lS corresponds to the vertical direction of the display screen. This repetitive pattern is supp ied to 

40 pattern" * °" ^ "* ^ 8e,ector 103 The disp,ay device 101 *W 

The imaging device 104 captures the repetitive pattern displayed on the display device 101 and 
supphes an image s.gna. to the image processor 105. The image signal has a waveform inc.udTng at , east 

ere,, ZV 0 WhiCh amplitUde ° f ,he ima9e Si9nal takes a locaI value. Hereinafter the 

crest portion of the image signal is referred to as a centroid of the image signal eremarter, the 

The .mage processor 105 calculates a position of the centroid of the image signal for each of three 

ZnZL°, Z R(red) ' G(9reSn) and B(b ' Ue) - The difference be,wee " ^ "espective posl ons o he 
centrotds for the primary colors is used to calculate the amount of misconvergence 

The calculation of the position of the centroid will be described below in detail. First the imaae sional 

oJ:ztz:^^z mm • cco,ain9 ,o ,he m " ->-" » •» - - «- — ■ 

D = Ai{hi(x) - (A-x 2 + B-x + C)} 2 dx 
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The integral range L t of the equation depends on a threshold value hTH. Here, A-x 2 + B*x + C 
represents a second-order curve, and the coefficients A, B and C are determined so that the value D of the 
equation becomes the smallest. 

5 More specifically, the coefficients A, B and C are determined so thai the conditions of d D/ 6 A = 0, d 

D/dB = 0 and dD/dC = 0. Then, the position of the centroid x0 is given by xO = -(B/2A). 

The above-described second-order curve approximation method is repeatedly applied for each of the 
primary colors R, G and B so as to calculate the- respective positions of the centroids. The automatic 
convergence correction is achieved by calculating the difference between the respective positions of the 

w centroids as the amount of misconvergence and then adjusting the amount of misconvergence. 

However, the above prior art automatic convergence correction apparatus has a problem in terms of 
operating speeds. This is because the image processor is required to perform complex operations since the 
second-order curve approximation method is employed to calculate the positions of the centroids of the 
repetitive patterns for adjusting convergence. 

is Furthermore, in the above mentioned prior art automatic convergence correction apparatus, an image 

signal having an undulating symmetric waveform is output from the imaging device 104. Based on the 
image signal, the image processor 105 calculates the position of the centroid by the use of the second- 
order curve approximation method. This presents a problem in that the accuracy of the centroid calculation 
is reduced when the image signal output from the imaging device 104 does not have an undulating 

20 symmetric waveform for whatever reason such as shading in the video projector and the gamma 
characteristics of the display device. 

Moreover, in the prior art automatic convergence correction apparatus, the scanning line direction of the 
imaging device 104 is used as the reference in calculating the position of the centroid. No consideration is 
given to a positional relationship between the display device 101 and the imaging device 104. As a result, 

25 the apparatus has had the problem that when the imaging device 104 is tilted with respect to the horizontal 
scanning direction of the display device 101, the displayed image is tilted even if correction is made. 

SUMMARY OF THE INVENTION 

30 The apparatus for correcting images of this invention, includes: a test signal generator for generating a 

test signal; a display device for displaying the test signal in a region on a display screen; an imaging device 
for imaging the test signal displayed on the display screen in a scanning direction so as to produce an 
image signal having a rising linear portion and a falling linear portion along the scanning direction; a position 
calculating means for calculating a position of a centroid of the image signal for each of R, G and B colors, 

35 based on the rising linear portion and the falling linear portion; an error detecting means for detecting an 
amount of error between the detected positions of the centroids for R, G and B colors; a correction signal 
generating means for generating a correction signal for correcting a convergence and a geometric distortion 
for the region, based on the amount of the error; and a correcting circuit for correcting the convergence and 
the geometric distortion for the region, based on the correction signal. 

40 In one embodiment, the image signal has a tetrahedron shaped waveform, where the tetrahedron has a 

base plane which is parallel to the display screen and a height in a level direction of the image signal. 

In another embodiment, the position calculator calculates the position of the centroid by applying a 
linear approximation. 

In another embodiment, the position calculator further calculates a relative positional relationship 
45 between the display device and the imaging device, based on the slope of the rising linear portion and the 
slope of the falling linear portion. 

In another embodiment, the image signal is an analog signal, the position calculator includes: a clock 
signal generating circuit for generating a clock signal for sampling; an A/D convertor tor converting the 
analog image signal into a digital image signal having a plurality of discrete levels by the use of the clock 
50 signal; a calculator for calculating the position of the centroid according to the digital image signal; a phase 
shift controller for shifting a phase of the clock signal under a condition that, when the digital image signal 
has a first discrete level at an edge of the clock signal, the digital image signal has a second discrete level 
which is different from the first discrete level at the corresponding edge of the phase-shifted clock signal. 
In another embodiment, the display screen has at least one region each having a size, the correction 
55 signal generating means determines an order in which the correction signal is generated, based on the size 
of the region. 

In another embodiment, the display screen has at least one region, the correction signal generating 
means determines an order in which the correction signal is generated, based on the amount of the error. 
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In another aspect of the present invention, an apparatus for correcting images, includes a test sianal 

cTen anZo S ™ 3 deViCe *» *° ™ on a 

screen, an .mag.ng device for imaging the test signal displayed on the display screen in a scanning 

d,rec,,on so as to produce an image signal having a, .east one of a rising Hnear portion and a ^g Tnear 

po.l.on along the scanning direction; a level calculator for calculating a level of at leas, one of the rishfo 

hnear portion and the falling linear portion; an error detecting means for delecting the amount of e S 

ch r te ri L o? thll ' eVe * °\ ^ "T* ^ * ^ °' * ™ M ^ ^ to ° 

sianal 1 in *" f ' UOreScent ™ ter,a,; a signal generator for generating a gamma correction 

£ Q rnZ r fla T ,a «* re ? ,on - baSed on *• am °-t of the error; and a correcting circuit for making 
tne gamma correction, based on the gamma correction signal 

In one embodiment, the error detector detects the amount of error by the use of a differential signal of 
the image signal and a differential signal of the saturated signal 

ha* a b^ s ^nL emb h 0d L ment ■ , ima9C S '' 9nal 3 tetrahedr °" sha ped waveform, where the tetrahedron 

Acccrdino to £" " ^ ^ ^ and 3 hei 9 ht in a ,evel directi ° n °< »• '™ge signal. 

According to the present invention, a test signal displayed on the display device is imaged so as to 

ieZenl^ oT^ Si9na ' haVin , 9 ^ T tW ° " near POrti0nS 3,009 SCannin9 " ne d '-tion 'a positi 5 
G a dTl h 9 ? T ' S CalCU ' ated b3Sed ° n the linear P° rtions for each °f primary colors R. 

the cenfroS " " the difterence between the res P ective °' 

the " alin k , P °; iti0n °' Cen,r ° id by thS USG ° f 3 linear approximation method, the position of 

the cemroid can be calculated w,th optimum bit quantization, independently of the effects of the frequency 
charactenst.es of the imaging and display devices, such as the sampling rate of the CCD and imane 
distortions can be automatically corrected with high accuracy within a short period of time ° 
Thus, the .nvention described herein makes possible the advantage of providing an image correction 

ZZT hTT ° f aut0matica "* ad ' usti "9 convergence and various other image dLo^ons s ch S 
geometric distortion, w.th high accuracy and within a short period of time 

readLoYnd^^^r 13 ?,! 5 ^/" 8 Pr6Sent '"^^ Wi " beC ° me apparent to those ski,led in ^ art upon 
readmg and understanding the following detailed description with reference to the accompanying figures 

BRIEF DESCRIPTION OF THE DRAWINGS 

the SsTnt inventior" Sh ° Win9 ^ CO " ,i9Urati ° n ° f a " ima 9* -rrection apparatus according to 

Figures 2A to 2G are views showing test signals for adjustment 

.he S, liiSSf *.d~ 9 C ° n,i9Ura ' i0n - " C °" eCto — * » 

Figures 4A to 4C are views showing positions of the centroids of the image signals 
Figure 5 is a block diagram showing the configuration of the A/D converter 15 and the CPU 17 
Figures 6A and 6B are views used to explain the centroid calculation operation 
Figures 7A and 7B are views showing addresses in an address map. 
Figures 8A and 8B are views showing the level of quantization errors 

fZZTZ* t0 !f a ^ views showin 9 reforms for explaining the centroid calculation operation, 
r-igure 10 is a block diagram showing an A/D section. 

Figures 11A to 11 B are views showing waveforms for explaining the operation of the A/D section 
Mgure 12 is a characteristic diagram for explaining the operation of the A/D section 
Figure 13 .s a characteristic diagram for explaining the operation of the A/D section 
Figure 14 is a view showing a test signal pattern. 

Figure 15 is a characteristic diagram for explaining the operation of the A/D section 
Figure 16 is a block diagram for a clock generator and phase controller in the A/D section 
Figures 17A to 17E are views showing waveforms for explaining the operation of the clock aenerator 
and phase controller in the A/D section. generator 

Qe0 mSrind^ and h 8B Vi6WS $h0Win9 waveforms for explaining an error calculation operation for 
geometric distortion and convergence corrections. 

secU F on. Ure ^ ^ 9 b, ° Ck di39ram 3 9e ° metric distortion/convergence correction waveform generating 

Figure 20 is a view showing geometric distortion/convergence correction waveforms 

Figures 21 A to 21 C are views showing waveforms of correction data. 

Figure 22 is a view showing geometric distortion/convergence correction waveforms 
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Figures 23A to 23J are views showing waveforms for explaining an operation for calculating the 
positional relationship between the display and imaging devices. 

Figures 24A to 24C are views showing display screens for explaining the operation for calculating the 
positional relationship between the display and imaging devices. 
5 Figures 25A to 25G are views showing display screens for explaining the operation for calculating the 

positional relationship between the display and imaging devices. 

Figures 26A to 26D are views showing test signals on the display screen. 

Figures 27A to 27D are views showing display screens for explaining a correction operation. 

Figures 28A to 28H are views showing display screens for explaining a correction operation. 
10 Figures 29A to 29E are views showing test signals for white balance correction. 

Figure 30 is a block diagram showing a configuration of a brightness corrector. 

Figure 31 is a characteristic diagram for gamma correction. 

Figures 32A to 32G are views showing waveforms for explaining a gamma correction. 
Figure 33 is a view showing a waveform for white balance correction. 
75 Figures 34A to 34D are views showing test signals for focus adjustment. 

Figure 35 is a block diagram showing a configuration of a first test signal generator. 
Figures 36A and 36B are diagrams showing a configuration and operation of a second test signal 
generator. 

Figure 37 is a flowchart showing the sequence of adjustments. 
20 Figure 38 is a block diagram showing the configuration of a prior art image correction apparatus. 

Figures 39A and 39B are views showing adjustment test signals for the prior art image correction 
apparatus. 

Figure 40 is a view showing a waveform for explaining a centroid calculation operation in the prior art 
image correction apparatus. 

25 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 shows a configuration of an image correction apparatus according to the present invention. 
The image correction apparatus includes a display device 1 for displaying an image including a test 
30 signal; an imaging device 2 for imaging a test signal 12 for image correction which is displayed on a display 
screen 13 of the display device 1; a position/level calculator 3 for calculating a position and level of the 
imaged test signal 12; an error detector 4 for detecting error values with respect to convergence, geometric 
distortion and white balance, etc. for each of the primary colors R, G and B based on the output of the 
position/level calculator 3; a test signal generator 5 for generating a test signal for image correction; and a 
35 correction signal generator 6 for generating various correction signals based on the output of the error 
detector 4. 

The display device 1 includes a deflection yoke 9 including a convergence yoke; a cathode-ray tube 
(CRT) 10 having a display screen 13; a brightness corrector 7 for correcting the brightness of the CRT 10; a 
convergence/geometric distortion corrector 8 for correcting convergence and geometric distortion; and a 
40 focus corrector 11 for correcting the focus. 

The operation of the image correction apparatus having the configuration mentioned above will be 
described below. 

First, various adjustments for the display device 1 will be briefly described. 

An input signal is supplied to the display device 1 so as to display an image on the display screen 13. 

45 The test signal generator 5 generates a test signal used for various adjustments. The test signal is also 
supplied to the display device 1. The display device 1 displays the test signal on the display screen 13. 

The imaging device 2 images the test signal 12 which is displayed on the display screen 13. 
Specifically, the imaging device 2 converts light from the display screen 13 into an electrical signal. 
Hereinafter, this photoelectric-converted signal is referred to as an image signal. The image signal is output 

50 from the imaging device 2 and is supplied to the position/level calculator 3. 

Figure 2A shows an exemplary waveform of the image signal. This waveform is a tetrahedron shaped 
waveform, as is shown in Figure 2B, where the tetrahedron has a base plane which is parallel to the display 
screen including an x-axis along the horizontal scanning direction and a y-axis along the vertical scanning 
direction and a height in the level direction of the image signal. 

55 Alternatively, as long as a signal has at least one rising linear portion and at least one falling linear 

portion along at least one of the scanning directions, any signal can be used as a signal for adjustment. For 
example, signals having the waveforms shown in Figures 2B to 2G can be used as the signal for 
adjustment. Furthermore, the signal for adjustment is not limited to having a waveform which is symmetric 
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scanL^recLr Cti0n ' ^ S ' 9nal ** adjUStmem ^ * WaVe '° rm Which iS ™ s vmme«ric to the 
The signal for adjustment shown in Figure 28 is supplied to the position/level calculator 3 (or each of 
the correction regions on the display screen 13. The position/level calculator 3 calculates a position of a 
cenlroid and a level of the image signal. <-"'aies a position oi a 

balance ^fZ^Jf*"?" T ™£~Z to cogence, geometric distortion, white 

balance, etc fo. each of the pnmary colors R. G and B, based on the output of the position/level calculator 
3 and generates a detection signal indicating the error values caicuiatot 

accoIdL CO »o e th?d P t 9 T' 9ene T Th 6 r6Ceives the detection and generates various correction signals 

11 in Z H 1 h T S ' 9n C ° rreCti0n Si9na,S ^ SUPP "' ed to the r ^pective correctors 7, 8 and 

1 1 m the display device 1 so as to make an automatic correction 

corroctSntsmad?^ ^ * ^ ^ Si9na ' thC leVC ' dlVCCti0n ' « is n — V *« 9amma 
The gamma characteristics can be classified into two tvoe* One* ic th~ prt no ^ u 

: 0 r t h? s rr f T fl the crt structure and the — ^ 

from the saturation of fluorescent material. Herein, the correction of the CRT gamma characteristics Is 
; ^ correction of the gamma characteristics derived from the saturation of U.ZTeT^ZZ 

will be described later in connection with white balance adjustments material 
Generally, the relationship between the input voltage signal (E) and luminous output (L) of a CRT can 
be approx.mated by the following equation: K ' 

L = k-E T 

typical' f 2. 2 eXP ° nent y °' iPPUt V0 ' ta9e (E) re P fesents *e gamma characteristics of the CRT. 

These gamma characteristics are uniquely determined for the CRT. Accordingly if the test sianal 
- I-? which'r^ int ° y ' n tGSt Si9na ' 96nerat0r 5 ' then the ,Umi — output (L) givln by L 

5 Hlever'Th^rRT" 1 ' " " ** ° HT ma COrreCtion is made in the ^ signal generator 

Lector to th Pnn T f °T may 66 made 3t any P ° sition in a data P"* from L test signal 
generator 5 to the position/level calculator 3. a 

hJlT* l°"™j? 9 d f c ription of geometric distortion and convergence corrections using the test <=ional 

IVJZTT WaVef ° rm - H iS aSSUmed that ,he 9 amma characteristics are already co rected 

Rourc 3 m r TT™ 01 imaQe C ° rreCti0n apparatus wi " be desc hbed in detail with reference to 

' " ™ * *" a "~' ™ 

is us2TrS "L deViC H 2 ^'f u " 9ht fr ° m diSP ' ay SCreen 13 " ,n this embodiment, a CCD camera 14 
1 S h L 9 '" 9 deV ' Ce * H ° wever> any ima 9 in 9 device with a slower pulse response speed such as 
a photod.ode. can be used instead of the CCD camera 14 This is because the te «t VnnT , as 
frequency signal, and therefore, detection and correction with high accurac ca ^ ISXVX 

surfa^n 9 TZl "* ^ PU ' S6 r6SPOnSe Speed and detectio " can also be made on an out of-focus 
surface on which the image is not in focus. 

Fi r st Pr tnL er rrn 3 ^ "T" * USed 35 the imaging device 2 for at leas < ,h * following reasons 
Hi JL Camera haS 3 ' 0W 9 eometric distortion of 1% or less. When information from the entire 

ts^s:zz^z^ Mc distortion the ~ — - 

frequency of the" CCD IT™™ ^ ^ SCreen iS COnverted int0 a certain scanning 

requency of the CCD camera, .rrespect.ve of the scanning frequency of the display device subseouent 
•mage processing can always be performed under the same conditions subsequent 

can becln a n r !°. U K tyP h eS °' ^T* ^ USed S,nCe the "monitoring distance for the focal distance 

can be changed by changing the optical lens. usance 

The CCD camera 14 converts light from the display screen 13 into an electrical signal 

A/DlsVhJ A/n^r C °T rt ! d Si9na ' (Le - the ima9e Si9nal) ,r0m ,he CCD camera 14 is supplied to the 
NO 15. The A/D 15 converts the image signal shown in Figure 2B into a digital signal 

rZ r?u\T al l r0 'Z M ° 15 iS Sl ° red in 016 frame memory 16 as dis P ,a V information, 
j , , , U 17 reads data corresponding to each of the correction regions from the frame memorv 1S 
and calculates a position of a centroid and an error value. memory 16, 
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The CPU 17 is required to calculate the position of the centroid with high accuracy even if a signal from 
a system with a low detection accuracy is supplied to the CPU 17. For example, such a system includes a 
black-and-white CCD camera 14 having about 380,000 pixels and an A/D 15 with a sampling frequency of 
about 14.32 MHz. 

5 Figure 4A shows a waveform of the image signal which is digitised by the A/D 15 al a sampling 

frequency f sap = 14.32 MHz (a sampling cycle is 70 ns). In this case, the centroid of the image signal (i.e. 
the top portion of the image signal) is positioned at sample point S7. 

Figure 4B shows a case where the centroid of the image signal is positioned between sample points S6 
and S7. In this case, position detection with high accuracy is not possible because the sample points are 
io not close enough to each other. 

In order to detect the position with high accuracy, the CPU 17 of the present invention calculates a 
position of the centroid by the use of a linear approximation method, based on the voltages at sampling 
points which are neighbors of the position of the centroid. 

As shown in Figure 4B, the image signal includes a rising portion and a falling portion. In the rising 
75 portion, the level of the image signal monotonically increases as data is sampled along the scanning 
direction. In the falling portion, the level of the image signal monotonically decreases as data is sampled 
along the scanning direction. At a point between the rising portion and the falling portion, the level of the 
image signal becomes locally maximum. In an example shown in Figure 4C, data D4 to D6 which are 
sampled at sample points S4 to S6 are on the rising portion, while data D9 to D7 which are sampled at 
20 sample points S9 to S7 are on the falling portion. 

The CPU 17 determines a first line according to the data D4 to D6 on the rising portion by the use of 
the linear approximation method, determines a second line according to the data D9 to D7 on the falling 
portion by the use of the linear approximation method, and calculates an intersection between the first line 
and the second line. Thus, the position of the centroid can be calculated with high accuracy even when the 
25 system has a low detection resolution. 

Next, the operation for calculating the position of the centroid will be described with reference to 
Figures 5 and 6. 

In Figure 6A, a solid line indicates the original test signal, and a broken line indicates a signal obtained 
by interpolating the sampling signal from the CCD camera 14 by the use of the low-pass filter (LPF). 
30 As is shown in Figure 6A, the top portion of the test signal is truncated because of the low sampling 

frequency. 

If it is attempted to calculate the centroid based on the truncated signal from the CCD camera 14, point 
A 1 will be erroneously judged as being the centroid of the test signal, while the actual centroid is at point A. 
In order to avoid such a detection error, the calculation of the centroid is achieved by extending the 
35 linear segments excluding the truncated portion and calculating an intersection of the extended linear 
segments. The intersection is regarded as the centroid. This means that the same signal as the test signal, 
as indicated by the solid line in Figure 6A, is obtained by calculation. 

The display device 1 have a plurality of correction regions on the display screen 13. The position of the 
centroid is calculated for each of the test signals which correspond to the plurality of correction regions, 
40 respectively. Herein, for simplicity of explanation, the description of the calculation operation relates to only 
one of the correction regions. However, it will be noted that the same calculation operation is applied for 
any of the remaining regions in a similar manner. 

As shown in Figure 5, the CPU 17 includes a centroid calculator 20, an error value calculator 19, a 
differential filter 21, and a linear portion detector 22. 
45 The image signal stored in the frame memory 16 is input to the differential filter 21. The differential filter 

21 calculates the temporal difference of the image signal and generates a differential signal. 

Figure 6B shows the differential signal output from the differential filter 21 in a case where the image 
signal shown in Figure 6A is input to the differential filter 21. 

The linear portion detector 22 detects a period in which the differential signal has a constant value. For 
so example, in the case of Figure 6B, the linear portion detector 22 detects a period A in which the differential 
signal has a constant value of a and a period B in which the differential signal has a constant value of £. 
The period in which the differential signal has a constant value corresponds to a period in which the slope 
of the image signal is constant. Portions where the slope of the image signal is zero are ignored. 

Then, the linear portion detector 22 regards the image signal during the periods A and B as being 
55 effective. The linear portion detector 22 extends lines corresponding to the periods A and B by calculation, 
and calculates the point of intersection of the extended lines. The point of the intersection is determined as 
being the centroid. 
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Specifically, the point of the intersection is calculated in accordance with the following equation: 
x = (DB - DA + o.nA - 0-nB) / (a - 0) 

where. nA denotes an address of one end of the period A which is close, to the vertex portion of .he 
■mage signal nB denotes an address of one end of the period B which is closer to the ve ex ZZ of ne 
image s,gnal; DA denotes a .eve. of the image signal at the address nA; DB denote a level of he image 
signal at the address nB; a denotes a constant slope during the period A; and p denotes a cons ant "ooe 
during the period B, as is shown in Figure 6B. uenoies a constant slope 

Thus according to the present invention, the position of the centroid is determined by the use of the 
hnear extrapo.ation method. This makes it possible to detect the position of the centroid with a h ah 
accuracy, oven ,f a CCD camera having a low sampling frequency is used 9 

the p-x :, s p :rth o e n c°cD he ccn,roid thus ob,ained is mapped ° m ° a point ° n - add — ^ **> 

zrtnH«r 7A Sf !° WS an 3ddr6SS maP f ° r 3 black - a "d-white CCD camera having 380,000 pixels This 
^in ttSZSST " ^ « " *"* h ~ ^ - « ^ ^ 

soMbCk doti'orthr'mf d f h ° Win9 3 POrti ° n ° f addreSS map When ,he ce ™°' d heated by a 
sol d black dot) of the image s.gnal ,s mapped onto the address map. As shown in Figure 7B the DOS i,L 

%Z c =uT represented by a point on the address map - For example ' the point ^ZZ^T" 
^^£2S?£ Zl^T* cor " 9 to each of ,he ™ - ions - - 

For increased accuracy of the centroid detection, the image signal should contain a larger number of 
linear portions along the scanning line direction. This will be explained with reference to F^es SA an^SB 
F.gure 8A shows a conventional image signal having a second-order waveform such as a SIN? 
272:.' and F ' 9Ure 88 Sh ° WS ima9e Si9na ' h3Vin9 3 tetrahedro " ^ vvavefor^ as in the present 
When these image signals are cut along horizontal scanning lines In (n = 1 to 5) the resultinn 
Zvt," 1 m , Sither CaSG characte " s «- of a rising and falling waveform HoweveMn the casTo ne 

ZZT m 396 , S ' 9nal h3Vin9 3 QUadratiC CUrVe -' ike waveform ' Wtizino errors are different Z 
different signal levels, which prevents optimum quantization and thus degrades the detection ac™ On 
toother hand .n the case of the image signa. having a tetrahedron shaped waveform o^tSTvention 
35 o^SntS mear ' hi9h — y Ca ' CUlation ca " °* a ccomp,ished by'selecting the ^IZlTer 

c^^^^^~ m6,h0d "» bS **» *"* — - the centroid 

n er J he ^ ? inC ' UdeS 3 C ' amp ° irCUit 201 for clam Pi"9 the image signal; an A/D converter 202 for 
perfo mmg ana.og-to-digi.al conversion with 8-bit quantization; a clock generate 203 for genera no a clock 
s gnal synchronous to the image signa.; and a Cock phase controller 204 for contro.Hng the p ase 0 f the 
c,ock ( signal for a duration of time equal to or .onger than 1 LSB of a rising/fal.ing portion 5 the image 

The operation of the A/D 15 will be described in detail below with reference to Figures 9A to 9F 

T ho 7 T 9 ' ma9e S,9 " al haVinQ Nnear risin 9 /fallin 9 Portions shown in Figure 9A is input to the A/D 15 
The analog image signa, is supplied to the clamp circuit 201 and the clock generator 203 

r^Z V S 30 enlar9ed Vi6W ° f the input Signal of R 9 ure 9A at a P° in t indicated by a hollow circle 
The clock generator 203 generates a Cock signa. shown in Figure 9D synchronized with Zt innn. 

A^conve 3 . 0 ' 00 " Si9na ' k SUPP ' ied t0 ^ C ° nVer,er 202 ^ ^ c,ock y phase control, r 204 The 

s an^T C °T rtS ^ jnPUt Si9na ' im ° ,hS di9ital Si 9 nal shown in R 9ure 9E by sampling the inpu! 
s.gnal at the samplmg rate determined by the clock signal shown in Figure 9D P 

hinhST ! C f Sh ° WS diQital SiQnal ° btained by samplin 9 the in P ut signal at the practically realisable 
highest clock frequency. As shown in Figure 9C. the resulting digital signal has a plural^ o di C re, e eve 

lorn L T" T a , diSCrete ,6Vel l ° neXt diSCr6te ,evel is ec < ual to 1 LSB. Accorlgy ^distence 
as conver,e?202 6 * ** *"* ^ ^ °" «»» ° f quantization^* of the To 

to 0 , T l?? haSe C0 T" er 204 ShiflS " le PhaSe ° f Ule C,ock si 9' lal a Oration of time which is equal 
Issumed tha 'h ^ C °" - p0ndin 9 to 1 LSB of the image signal shown in Figure 9C. Spe i ica ,y itT 
assumed that the ,mage signal has a first discrete level at one edge of the clock signal. In this case the 
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clock phase controller shifts the phase of the image signal so that the image signal has a second discrete 
level which is different from the first discrete level at the corresponding edge of the phase-shifted clock 
signal. The clock signal having the shifted phase is supplied to the A/D converter 202. 

The digital signal output from the AD converter 202 is supplied to the CPU 17 through the frame 
5 memory 16. The CPU 17 calculates the position of a centroid corresponding to the crest of Ihe triangular 
signal shown in Figure 9A arithmetically. 

Figure 10 shows the detail configuration of clock generator 203 and the clock phase controller 204. The 
clock generator 203 and the clock phase controller 204 include a synchronization circuit 205, a phase 
comparator 206, an integration circuit 207, and a voltage-controlled oscillator 208. 
10 Next, the operation for clock signal phase control will be described with reference to Figures 10 and 11. 

The image signal having rising/falling portions described above is supplied to the synchronization circuit 
205. The synchronization circuit 205 extracts a synchronization signal which is synchronous to the input 
signal. 

The phase comparator 206, integration circuit 207, and voltage-controlled oscillator 208 constitutes a 
75 phase-locked loop (PLL) 210. The synchronization signal from the synchronization circuit 205 is input to the 
phase-locked loop 210. The phase-locked loop 210 generates a clock signal which is synchronous to the 
input signal. For example, the phase-locked loop 210 generates a clock signal of 14.32 MHz for sampling 
910 points during one horizontal scanning period. Such a clock signal is indicated by solid lines (S11, S21, 
S31) in Figure 11B. The clock signal is supplied to the A/D converter 202. 
20 Hereinafter, it is assumed that the number of quantization bits of the A/D converter 202 is 8. However, 

the present invention is applicable to any other number of quantization bits. 

In Figure 11 A, a solid line indicates an analog linear signal and a broken line indicates a digital signal 
obtained by sampling the analog linear signal at the practically realizable highest possible sampling 
frequency. In Figure 11C, a solid line indicates a digital signal obtained by sampling the analog linear signal 
25 at the clock signal (S11, S21, S31) indicated by the solid line in Figure 11B. 

As shown in Figure 11C, a quantization error occurs when the analog signal is converted into a digital 
signal by the use of the clock signal of 14.32 MHz. 

The present invention provides a method and circuit capable of reducing the quantization error by 
achieving the ideal condition shown in Figure 11 A even if the analog signal is converted into a digital signal 
30 by the use of the clock signal of 14.32 MHz. The reduction of the quantization error is helpful for improving 
the detection accuracy in detecting the position of the centroid. 

The reduction of the quantization error is achieved by sampling the analog image signal at the timing 
(S10, S12, S13; S20, S22, S23; S30, S32, S33) indicated by a dotted line, dashed line, two-dot chain line, 
respectively in Figure 11B and performing an average operation at a calculation step in the CPU 17. The 
35 timing (S10, S12, S13; S20, S22, S23; S30, S32, S33) is obtained by shifting the phase of the reference 
clock signal (S11, S21, S31) indicated by the solid line in Figure 11B. 

To provide the necessary amount of phase control applied to the clock signal, the phase is shifted by a 
time equal to or longer than a period corresponding to 1 LSB of the slope of the input signal having 
rising/failing portions. This phase control is accomplished by causing jitter in the clock signal output from 
40 the PLL circuit by using a filter constant of the integration circuit 207 shown in Figure 10. 

Next, the detection accuracy of the position of the centroid will be described with reference to Figures 

12, 13 and 14. 

Figure 12 shows the relationship between the number of samples, i.e. the sampling frequency, and 
resolution. In General, a high definition television (HDTV) requires positional detection accuracy within a 0.5 
45 scanning line in order to prevent resolution degradation due to misconvergence. This means that the HDTV 
requires a resolution of about 0.025 for about 4,000 samples, and a clock frequency of about 140 MHz for 
sampling. 

Figure 13 shows the characteristics of the number of steps per sample. The characteristics of the 
number of steps per sample depend on the number of slope samples and the number of quantization bits 
50 for a test signal 209 having rising/falling portions. 

It is assumed that 117 test signals 209 having rising/falling portions are displayed on the display screen 

13, where 13 test signals 209 in each row in the horizontal direction and 9 test signals 209 in each column 
in the vertical direction, as is shown in Figure 14. In this case, the number of slope samples in the 
horizontal direction is 32 - 48 samples (for NTSC - HDTV), and the number of slope samples in the vertical 

55 direction is 16-30 samples (ror NTSC - HDTV). Willi 8-bil quantization, the number of steps is 9 or less in 
the horizontal direction, and 20 or less in the vertical direction. 

Figure 15 shows the quantization error characteristics for various numbers of quantization bits. As 
shown in Figure 15, with 8-bit quantization, a quantization error of 13 to 19% occurs in the horizontal 
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Direction, and 6 to 12% in the vertical direction, for the sampling clock frequency 

A minimum of 9 quantization bits are required if the centroid is to be detected with high accuracy 
However, the present invention provides a method and circuit capable of detecting the pSio o the 

9 « a H Ur , aCy bV redUCin9 " ie O-**""' error 10 a lsvel c,ose 10 •»» ~ndi on 
Figures 16 and°i8 COnU °" in8 ^ °' ^ C '° Ck Si9 ' la ' ^ be deSC ' 1bed delail «"* to 

™ 7 h .f 2 n° inC,udes the ? nase comparator 206, low-pass filter (integration circuit) 207 and voltao- 
contro.led osc.llator (VCO, 208, as mentioned above. Herein, it is assumed that the eference slqnaMs 

oZrvm of L V ' 2 n Sine(t) C ' 0Ck Si9na * fr ° m VC ° 208 iS -Presented b vTcos^ The 

S^, I J , P COmparator 206 is oblail1ed b V the product of the reference signal and the dock 
signal. Accordmgly, the output Y(t, o, «he phase comparator 206 is represented by the following equaLn 

Y(t) = A {sinfl(t) x cos9'(t)} 

By transforming this equation by the use of the addition axiom, the following equation is obtained: 
Y(t) = A-sin{0(t) - e-(t)} + A-cos{9(t) + (T(t)} 

where, the first term represents the frequency difference between the two signals the second term 

«i„™ e f' ' el ''Woy of Ihe VCO 208 be «. and the sensitiv.it, ol the VCO 208 be K 

~&zZ££zr£ M ~ by d, " e,en " a,ln9 ,he phase m 01 ^ - 

de'(t)/dt = wo + A-K-sin{fl(t) - <?'(t)} 

sianii IIh Tf™' ? * 9 ,ree - runnin 9 frequency of the VCO 208 is equal to the frequency of the reference 

z:«::vL*L phases match - then ,he second term ° f sine b — °- - ~ - tss 

de'(t)/dt = 0,0 

the I * 8 f f ^ e - runnin 9 frequency of the VCO 208 deviates from the frequency of the reference signal then 
the VCO frequency ,s corrected by the second term by an amount equal to the deviation so that the VCO 
frequency is maintained identical with the reference signal frequency 

is noToThii'nhl" ^ r qUenCy iS made idSntiCal ' 3 phaSe difference occurs becaus e the second term 
is not 0. This phase error becomes smaller as the coefficients A and K become larger 

furthermore, the stationary phase error in the primary loop of the LPF 207 is oronortinnai tn th» ^ 

Vro O 2 f 08 e and ,e s renCe ° f ^ **« toZZ^ZZ^ S 

VCO 208, and is inversely proportional to the arc sine of the loop gain 

Figure 17A shows an ideal clock signal with no phase difference (with no jitter) Figure 17B shows an 

dThlT? > S K, na ' h r: n9 3 riSin9 P ° rti0n (indiCa,ed by 3 so,id line > and a quJrti»i sig 9 nat(nl ted by a 
dashed line) obtained by A/D conversion. Figure 17C shows a clock signal in which a phase Wrfa time 

^^^^^ ST Sh ° WS 3 Si9na ' ^ ^ A '° — rteVby u^ 

de, , ect,C ' n of the position °» the cen froid with high accuracy is achieved by varying the phase of the 

S,iSr2:: n r hown in Fi9ure 17E - and by ~° - — s « - 

ra „^ de « 5rib ^ 1 abov e, the A/D conversion is performed using a clock signal with its phase varied 
randomly by a Ume equal to or longer than a period corresponding to 1 LSB of the s.ope o! the input stTnal 
hav.ng nsmg/faH.ng portions, and mathematical operations are performed to ca.cufa^he Ten Sd oUhe 

e'q en 9 " Tht The T?" ?T l ° ^ ^ C ° ndi,i ° n °' r6ali2able tTamp ng 

equency. Thus the pos.tion of the centroid can be detected with high accuracy at a limited clock 

frequency and w„h a smal. number of quantization bits. This makes it possible to realize he c TcuSion bv 
the use of simple circuitry and simple processing procedures calculation by 

manner*" * °' Ca ' CU ' atin9 a " e "° r V3lue based on the Potion of the centroid obtained in (he above 
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For calculation of a convergence error, the G signal is used as the reference signal, and an error value 
tl in the leftward direction is calculated for the R signal, and an error value t2 in the rightward direction for 
the B signal, as is shown in Figure 18A. 

For calculation of geometric distortion, a specific sample point S20 is used as the reference point, and 
5 an error value 13 in the leftward direction is calculated for the R signal, an error value 14 in the leftward 
direction for the G signal, and an error value t5 in the leftward direction for the B signal, as is shown in 
Figure 18B. 

The calculated position of the centroid and the calculated error values is stored in a memory in 
connection with addresses of the sample points. For example, for calculation of geometric distortion, 
w addresses of 768 points (x1 - x768) in the horizontal direction and 493 points (y1 - y493) in the vertical 
direction are used as respective reference signals. 

The position of the centroid and the error values calculated by the CPU 17 are supplied to the 
correction signal generating circuit 18. The correction signal generating circuit 18 generates correction 
signals for convergence and geometric distortion corrections. These correction signals are supplied to the 
/5 convergence/geometric distortion corrector 8 in the display device 1. 

The operation of the correction signal generating circuit 18 for generating convergence correction 
waveforms will be described in detail below with reference to Figures 19, 20 and 21. 

As shown in Figure 19, the correction signal generating circuit 18 includes a correction waveform 
generating circuit 25 for generating fundamental correction waveforms, and a correction waveform produc- 
20 ing circuit 42 for producing various correction signals having waveforms obtained by controlling the 
fundamental correction waveforms. 

The horizontal and vertical synchronization signals are supplied to the correction waveform generating 
circuit 25 through input terminals 23 and 24. The correction waveform generating circuit 25 generates 12 
kinds of fundamental correction waveforms (WF1 - WF12) minimally required for convergence corrections, 
25 as is shown in Figure 20. 

The correction waveform generating circuit 25 includes, for example, a plurality of Miller integration 
circuits, and generates the fundamental correction waveforms synchronized to the input synchronization 
signals. The fundamental correction waveforms from the correction waveform generating circuit 25 are 
supplied to the reference voltage terminals of multiplier-type D/A converters 28 to 39. 
30 Correction data are stored in an EEPROM 26, and supplied via the CPU 17 to a serial data producing 

circuit 27. 

The serial data producing circuit 27 produces a serial signal in accordance with a control signal from 
the CPU 17. 

The serial signal output from the serial data producing circuit 27 is shown in Figures 21A to 21C. As 
35 shown in Figure 21A, an address signal (A3 - AO) and a data signal (D7 - DO) are multiplexed on the serial 
signal. The address signal is used to select one of the multiplier-type D/A converters 28 to 39 and the data 
signal is used to control the amplitude. Figures 21 B and 21 C show a clock signal and a load signal, 
respectively, for reading the serial data shown in Figure 21 A by clocking. 

The multiplier-type D/A converters 28 to 39 are set so that each data bit is loaded at each positive- 
40 going transition of the clock signal of Figure 21 B during the low period of the load signal of Figure 21 C. 

The ^three serial signals shown in Figures 21A to 21C are supplied to the input terminals of the 
multiplier-type D/A converters 28 to 39. The multiplier-type D/A converters 28 to 39 control the polarity and 
amplitude of the 12 kinds of fundamental correction waveforms (WF1 - WF12) output from the correction 
waveform generating circuit 25. 
45 The amplitude-controlled signals from the multiplier-type D/A converters 28 to 39 are supplied to an 
inverting amplifier 40 including an operational amplifier through their associated resistors. 

The inverting amplifier 40 sums and amplifies the 12 kinds of correction waveforms, and outputs at an 
output terminal 41 a convergence correction signal for red color (R) in the horizontal direction (H), for 
example. The correction convergence signal is supplied to the convergence/geometric corrector 8 shown in 
so Figure 3, which applies the intended correction. 

Figure 22 shows relationships between analog correction signal waveforms and correction changes on 
the display screen. 

The present invention is also effective for a digital convergence system wherein a plurality of 
adjustment points are set on the screen, correction data for each adjustment point is stored in a memory, 
55 and data interpolation is performed in the horizontal and vertical directions, thus creating a desired 
correction waveform, and achieving correction with high accuracy. 

The same correction waveforms as described above are used for amplitude and deflection geometric 
distortion correction in the geometric distortion corrector 8, for brightness correction in -the brightness 
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h C e^nommed nd ** ^ C ° rreCti ° n " f ° CUS C0rreCtOr 11 Therefore " ,heir descri P«- thereo, wil, be 
In the case where the geometric distortion correction is made based on an image sianal obtain^ h„ 

. -Pec? ,o Ihe' 77' diSP ' ayed , ° n diSP,ay SCreen - 1,16 ima9i "9 device ™* £S^pS£TwX 
re peel to the display scree.,. In other words, the imaging device and the display device should saUs^ a 

imSir 0na '; e ' atiOnShiP - He ' einafte '' il ^scribed how the positional aSSt^Z^li 

VZTZ diSP,ay dSViCe " adjUS,6d ,hS ' eaSOn Why Such » adjustment is neetd 

annnJn J * ° WS 30 ' ma96 S ' 9na ' in 3 Mse where the scannin 9 direction of the imagine device 2 is 
ro sianal J h the f Scannin ° direCtion of the ^»*y device 1. The image signa. is obtained by Tljng a felt 
X H th ( e ;« ,erence 9reen color (G) signal displayed on the display screen 13 by the imaging devtc 2 
.nc.ud.ng a CCD camera. I, , to l, s each indicate the scanning line of the imaging device 2 ' 

scannfnqle? and', 3 IT™, * ^ *" ^ Sh ° Wn in 23A alon 9 tho 

Sure I 3 a a.ono th* Z a 9 r , * 3 Wav8fbrm ° btainCd by Cut,in 9 thc ima 9* *9"- *o!n in 

» ^^M^^rj^r shows a — obta,ned by cutti - - 

-age s.gnal and the rising 

f„i „ assu ™" i lhal ,te « n 0'« ! °' lhe *i"9 slopes are a, and a,. ,espeofa.ly ,nd the angles of ihe 

This means that the positional relationship between the imaging device 2 and the disnlav devire 1 ran 
be nneasured by the angles of the rising and falling slopes of the image signa. P * 

alioneS wl^h Sh ° WS ™ ^ 3 C8S9 Wh<3 ' e the SCannin 9 directi °" of the imaging dev,ce 2 is not 

» device 8 " 3 """ 19 d ' reCt '° n ° f ^ ^ **" r h ' to eaCb indicates »e banning TneS the 

scannfnolntT ^p™ 5 * ZT*™ by CUttin9 the ima 9 e si 9 nal shown in Figure 23E along the 

atano thJ m ' R ? Ure , 23G Sh0ws a waveform stained by cutting the image signal shown in Figure 23E 

cyris.iri^" sho - s a — ™~ 

tPtr-IS P0S ; i0n ^ vel calcu| ator 3 calculates rising and falling slopes of the image signal having a 
tet.ahedron shaped waveform in the same manner described above 9 

an(1 * h,s CaSe ' the relationship of 95 *eQ and 99 *01O is satisfied with respect to the angles of the risino 
and falling slopes, as is shown in Figures 23G 23H and 231 9 

shapedta^eform^r' * h 3 '* 1 " 31 " 19 and fa " in9 S '° PSS ° f the ima 9* signal having a tetrahedron 

shaped waveform along each scanning line and by comparing the rising slopes with the falling stones th« 
relate postal relationship between the scanning direction of the imaging device an t h a o" the Tso "v 
dev.ee can be found. In addition, by performing mathematica. operations bated on WormlZ^S^ 
the relative pos.t.ona. relationship, geometric distortion and convergence corrections can be ZoT^ 

dTp,a h y 9 d~ y °' ^ re ' atiVe P ° Siti0nal <"* ^£^<£Z^ : 

' nf0rmat,0n 

,e^ 

therefore^ geometr.c distortion correction would be applied in the opposite direction ' 

^ ° f ^ ,ela,iVe POSiti0na ' ' elali0nShip b6t — the -9^ device^ andte 
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Next, the relationship between the angles of slopes of the image signal and the scanning direction of 
the imaging device 2 will be described with reference to Figures 25A to 25G. 

Figure 25A shows an image obtained by the imaging device 2 including the CCD camera 14 in a case 
where the scanning direction of the CCD camera 14 is aligned with Ihe scanning direction of the display 
5 device 1. Figure 25B shows an image in a case where the CCD camera 14 is rotated to Ihe right. Figure 
25C shows an image in a case where the CCD camera 14 is displaced to the left with respect to the display 
screen 13. 

It is assumed that the angle of the rising slope of the image signal along the scanning direction is 
denoted by 0 O and the angle of the falling slope of the image signal along the scanning direction is denoted 
io by 0 d , as is shown in Figure 25D. Table 1 shows the positional relationship between the imaging device 2 
and the display device 1 relative to the slope angles 0 a and 0 d . 



Table 1 
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30 When 0 a - 0<i (indicated by the solid line in Figure 25D, the CPU 17 judges that the imaging device 2 

is aligned with the display device 1. 

When e a < 0 d (indicated by the dashed line in Figure 25D, the CPU 17 judges that the imaging device 2 

is rotated to the right. When 0 a > 0 d (indicated by broken line in Figure 25D, the CPU 17 judges that the 

imaging device 2 is displaced to the left. 
35 It is preferable that the slope angles of the image signal are detected at least nine points, as is shown in 

Figure 25A. These nine points are positioned at a horizontal center line, a vertical center line, or in 

peripheral corners of the display screen. This arrangement of the points for detecting the slop angles makes 

it possible to calculate a complex positional relationship between the imaging device 2 and the display 

device 1. 

40 Further, it is preferable that a rough adjustment is made based on the relative positional relationship 

with reference to the slope angles in a first step, and then a fine adjustment is made by calculating a 
position of the centroid in a second step. This is because it takes time to calculate a position of the centroid 
when the rough adjustment is not made. 

Next, the relationship between lens f-value of the CCD camera and the slope angles of the image signal 
45 will be described with reference to Figure 25G. 

In a case where a 2/3-inch CCD camera is used, the relationship between lens f-value (f), viewing 
distance (L) and screen height (H) (object) is expressed by the following equation. 

f = (9 x L)/H 

50 

This means that when the viewing distance is about 3H, an f-value of 20 mm is required. As a result, 
angular field distortion is likely to occur when a wide-angle lens (whose f-value is small) is used. 

A zoom lens (f-value = 15 to 80 mm) is usually used since geometric distortion in the imaging device 
can be reduced by making the viewing distance as large as possible. 
55 When such a zoom lens is used, distortion due to the complex positional relationship between the 

display device and the imaging device such as shown in Figure 25C seldom occurs. However, there may 
occur the situation shown in Figure 25B when the scanning direction of the imaging device is not aligned 
with the scanning direction of the display device due to rotational displacement. 
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According to the present invention, test signals whose maximum values appear in the same direction as 
the scanning direction are displayed on the display screen, and rotational displacement of the imaging 
device is detected and calculated based on the slope angles of the photoelectric converted signal. 

Figure 25E shows an image signal in a case where the imaging device 2 is rotated to the right with 
respect to the display device 1. as is shown in Figure 25B. In this case, the image signal has three crests 
as shown in Figure 25E. 

By mechanically controlling the rotating direction of the camera based on information indicating the 
slope angles of the image signal, the displaced crests of the image signal can be converged into a single 
crest, thereby achieving alignment of the imaging device 2 with the display device 1. 

In Figures 25A to 25G, signals along the scanning lines in the vertical direction have been explained, 
but it will be noted that signals in the horizontal direction can be explained in the same way. However, it is 
noted that with signals in the vertical direction, detection and correction can be achieved with higher 
accuracy. This is because the signals in the vertical direction arc sampled with the scanning lines while the 
signals in the horizontal direction are continuous signals. 

In a case where the display screen is divided into more than one correction region and the correction is 
to be made to each of the regions, it will become necessary to determine the order in which the correction 
is made. Hereinafter, it is described how the order is determined with reference to Figures 26A to 26D 27A 
to 27D and 28A to 28H. 

With respect to geometric distortion and convergence corrections, there are two methods for determin- 
20 ing the order of correction: One method includes making a correction in decreasing order of correction 
region size, the largest region first. The other method includes detecting the amount of error in each 
correction region and making a correction in decreasing order of the error size in each correction region, 
the largest error region first. 

The method for determining the order of correction based on correction region size will be described 
25 with reference to Figures 27A to 27D. 

It is assumed that the following nine regions on the display screen are selected as the correction 
regions: (1) entire screen (static), (2) left portion of the screen, (3) right portion of the screen. (4) upper 
portion of the screen, (5) lower portion of the screen, (6) upper left portion of the screen, (7) lower left 
portion of the screen, (8) upper right portion of the screen, and (9) lower right portion of the screen. In this 
30 case, the corresponding nine adjustment patterns (1) to (9) shown in Figure 27A are required. 

The explanation given below is based on this adjustment pattern. It will be understood that the same 
explanation applies when the number of correction regions is increased, for example, as shown in Fioures 
26A and 26D. y 

When the correction regions are selected mentioned above, the correction is made in decreasing order 
35 of correction region size: (1) entire screen (static) (shown in Figure 27B); (2) left portion of the screen, (3) 
right portion of the screen, (4) upper portion of the screen, (5) lower portion of the screen ((2) to (5) shown 
in Figure 27C); (6) upper left portion of the screen, (7) lower left portion of the screen, (8) upper right 
portion of the screen, and (9) lower right portion of the screen ((6) to (9) shown in Figure 27D). No priority 
of order is given within (2) to (5) and within (6) to (9). 
^0 The reason why the correction is made in decreasing order of correction region size is as follows. 

When correcting (1) entire screen and (2) left portion of the screen in the horizontal direction, for 
example, the correction waveform for correcting the entire screen is a DC waveform, whereas the correction 
waveform for correcting the left portion of the screen in the horizontal direction is an H-rate sawtooth 
waveform. If the order of correction is reversed and correction is made first to (2) left portion of the screen 
45 and then to (1) entire screen, positional displacement will occur to the first- adjusted left portion of the 
screen (2) during the correction of the entire screen (1), and readjustment will have to be made. 

As described above, by making a correction in decreasing order of correction region size considering 
the correlations between the correction waveforms, correction can be made efficiently, and the time needed 
for adjustment can be reduced. 



50 



Next, the method of determining the order of correction based on the error size will be described with 
reference to Figures 28A to 28H. 

Figure 28A shows a display screen misadjusted for convergence, wherein the reference G signal is 
indicated by a solid line and the R signal to be corrected for convergence is indicated by a broken line. 

First, a test signal is displayed in the center of the screen, as shown in Figure 28B, an error value of the 
55 test signal is calculated, and a static convergence correction is made based on the error value. Figure 28C 
shows a display screen after the static convergence correction is completed. As can be seen from Figure 
28C. color separation in the center portion of the display screen is eliminated, and errors in the peripheral 
portions are reduced. 
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Second, test signals are displayed on the horizontal center line and the vertical center line of the 
display screen, as shown in Figure 28D, error values of the test signals are calculated, and a dynamic 
convergence correction is made based on the error values. In this example, it is necessary to use a 
waveform for the vertical curve correction shown in Figure 22. The vertical curve correction is achieved by 
5 applying a vertical parabola waveform to a vertical convergence yoke for the red color (R). Figure 28E 
shows a display screen after the dynamic convergence correction is completed. As can be seen from 
Figure 28E, the separation of colors along the horizontal and vertical center lines is eliminated. 

Third, test signals are displayed on peripheral portions (four corners) of the display screen, as shown in 
Figure 28F, error values of the test signals are calculated, and a dynamic convergence correction is made 
w based on the error values. In this example, it is necessary to use waveforms for the horizontal linearity and 
the left/right trapezium corrections. These corrections are made in decreasing order of error value. The 
left/right trapezium correction is achieved by applying a trapezium correction waveform obtained by 
multiplying a horizontal sawtooth waveform and a vertical sawtooth waveform (Hs x Vs) to a vertical 
convergence yoke for the red color (R). Figure 28G shows a display screen after the left/right trapezium 
75 correction is completed. As can be seen from Figure 28G, the trapezium distortion in the right and left 
portions of the display screen is eliminated. The horizontal linearity correction is achieved by applying a 
horizontal parabola waveform to a horizontal convergence yoke for the red color (R). Figure 28H shows a 
display screen after the horizontal linearity correction is completed. As can be seen from Figure 28H, the 
separation of colors in the center and peripheral portions of the display screen is eliminated, thereby 
20 achieving the intended correction. 

As described above, the position of the centroid is detected based on the image signal obtained by 
imaging the test signal displayed on the display device, and error values of the image signal are calculated 
for respective colors, correction signals for adjustment are generated in decreasing order of the size of the 
error values and the size of the correction regions. This makes it possible to realize an automatic 
25 adjustment with high accuracy and to drastically reduce the time required for the adjustment. 

Hereinafter, brightness adjustment (white balance adjustment) will be described with reference to Figure 
3, Figures 29A to 29E and Figure 33. 

The brightness adjustment is performed in a similar manner to the convergence and geometric 
distortion adjustments. Specifically, the test signal generator 5 generates a test signal for brightness 
30 adjustment. The test signal is supplied to the brightness corrector 7, and then is displayed on the display 
screen 13. Figure 29 A shows an example of test signals 43 displayed on the display screen 13 for the 
corresponding adjustment regions. 

Figures 29B to 29E each shows an enlarged view of the test signal 43 shown in Figure 29A. 

The test signal shown in Figure 29B is used for highlight adjustment (white balance adjustment in high 
35 brightness portions), lowlight adjustment (white balance adjustment in low brightness portions) and uniform- 
ity correction (for uniform white balance over the entire screen). The test signal shown in Figure 29B has a 
level of 10 to 20% for lowlight adjustment, a level of 100% for highlight adjustment, and a level of 50 to 
60% for uniformity correction with respect to the dynamic range of the drive voltage, as is shown in Figure 
33. 

40 The test signal shown in Figures 29C to 29E is used for gamma correction. For the gamma correction, 
it is preferable that the test signal has a tetrahedron shaped waveform which is described above in 
connection with the centroid calculation, as is shown in Figure 29E, or a ramp shaped waveform which has 
at least one of a rising linear portion and a falling linear portion in at least one of the horizontal direction and 
the vertical direction, as is shown in Figures 29C and 29D, so as to minimize the effect of the transfer 

45 characteristics of the display and imaging devices. 

Hereinafter, the process of automatic brightness correction will be described. 

The CCD camera 14 images a test signal displayed on the display screen 13. In the case where the 
CCD camera 14 is a black-and-white camera, the CCD camera 14 images each of the test signals for R, G 
and B colors and outputs the corresponding photoelectric converted signals sequentially. 
50 The photoelectric converted signal for each R, G and B color output from the CCD camera 14 is 
supplied to the A/D 15 where the test signal information displayed on the display screen 13 shown in Figure 
29A is converted into a digital signal. The digital signal is used for subsequent image processing. 

The digital signal output from the A/D 15 is stored in the frame memory 16 as display information. 

The CPU 17 reads data stored in the frame memory 16 and then calculates error values, such as white 
55 balance errors, for each of the adjustment regions shown in Figure 29A. 

The resulting signal output from the CPU 17 is supplied to the correction signal generating circuit 18. 
The correction signal generating circuit 18 generates various correction signals based on the error values. 
The correction signals are supplied to the brightness corrector 7 in the display device 1. The brightness 
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corrector automatically adjusts brightness for each of the correction regions. 

Hereinafter, the process of the automatic brightness correction will be described in detail below with 
reference to Figure 30. 

Figure 30 shows a configuration of the brightness corrector 7 shown in Figure 3. The brightness 
corrector includes a selector circuit 55, a gain control circuit 56. a clamp circuit 57. a uniformity correction 
circurt 58, a gamma correction circuit 59 and a video output circuit 60. 

The operation of the brightness cor rector 7 is described below. 

A video signal input to the input terminal and a test signal generated by the test signal generator 5 are 
suppled to the selector circuit 55. The selector circuit selectively outputs one of the video signal and the 
test srgnal. The s.gnal output from the selector circuit 55 is supplied to the gain control circuit 56 

The gam control circuit 56 controls gain for contrast and highlight drive adjustments. The gain-controlled 
signal is supplied to the clamp circuit 57. 

The clamp circuit 57 clamps the signal to a constant value and supplies it to the uniformity correction 
Cf rcutt 58. 

The uniformity correction circuit 58 makes a correction for uniforming brightness in the center and 
peripheral port.ons of the display screen, and supplies the resulting signal to the gamma correction circuit 

The gamma correction circuit 59 corrects the change in light emitting characteristic of the R G and B 
colors in the CRT, and supplies the resulting signal to the video output circuit 60 

The video output circuit 60 amplifies the corrected signal to a level sufficient to drive the CRT Then 
the amplified signal is applied to the CRT. 

Table 2 shows the sequence order of brightness adjustments to be made. As shown in Table 2 lowlioht 
adjustment is made at a first step, then highlight adjustment is made at a second step, gamma adjustment 
is made at a third step, and again highlight adjustment for correcting white balance errors caused in high 
brightness regions during the gamma adjustment is made at a fourth step, and uniformity adjustment for 
uniforming brightness over the entire display screen including center and peripheral portions is made at a 
final Step. 

Table 2 



Order 


Adjustment item 


Center portion of screen 


Phriphral portion 
of screen 


Test signal 


1 


Lowlight adjustment 


O 




Window signal (Figure >9B) 


2 


Highlight adjustment 


O 




Window signal (Figure >9B) 


3 


Gamma adjustment 


O 




Tetrahedron signal (Figure >9E) 


4 


Highlight adjustment 


O 




Window signal (Figure >9B) 


5 


Uniformity adjustment 


O 


O 


Window signal (Figure >9B) 



Hereinafter, the lowlight and highlight adjustments will be described. 

The test signal having an appropriate level for the selected adjustment mode, as shown in Figure 33 is 
displayed on the display screen 13. The CCD camera 14 detects the level of the test signal for each R & 
and B colors. 

The photoelectric converted signals by the CCD camera 14 is supplied to the A/D 15 where the test 
signal information shown in Figure 29B is converted into a digital signal. This digital data is then stored into 
the frame memory 16. 

The lowlight and highlight adjustments can be made by the use of a test signal oattern only for the 
center region of the display screen. Accordingly, the CPU 17 reads data corresponding to the center portion 
of the display screen from the frame memory 16. 

The CPU 17 calculates a white balance error and outputs a signal indicating the white balance error 
I he calculation of the white balance error is achieved by obtaining chromaticity coordinates based on the R 
fa and B signal levels, and comparing the obtained chromaticity coordinates with, for example, the reference 

SeLr 9 . , ,T dinateS £ 1 ? 313 ' V = 0 329) - The differenCe in chromaticity coordinates from the 
reference is taken as a white balance error. 

The signal indicating the white balance error output from the CPU 1 7 is supplied to the correction signal 
generating circuit 18. y 
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When lowlight adjustment is selected, the correction signal generating circuit 18 supplies to the clamp 
circuit 57 a correction signal for controlling the cutoff of the R, G and B signals that drive the CRT. When 
the highlight adjustment is selected, the correction signal generating circuit 18 supplies a correction signal 
for controlling the amplitude of the R, G and B signals to the gain control circuit 56. These correction 
5 signals are determined so thai the while balance error is eliminated. Thus, automatic correction of the while 
balance is accomplished. 

Next, the gamma correction will be described below. 

The gamma correction is classified into two types. One is to correct for the CRT gamma and the other 
is to correct for the gamma associated with the saturation of fluorescent material. Since the CRT gamma 
w has already been described, we will describe gamma correction for the saturation of fluorescent material 
with reference to Figures 31 and 32. 

Figure 31 shows typical light emitting characteristics for R, G and B in a largc-scrccn video projector 
with a CRT including R, G and B tubes. 

As can be seen from Figure 31, the light emitting characteristics of G is linear throughout all regions, 
75 whereas the light emitting characteristic of B is nonlinear in the region above a certain level of the beam 
current. This nonlinear region is due to the saturation of the B fluorescent material in a large-current region. 

It is assumed that a test signal having a tetrahedron shaped waveform shown in Figure 32A is 
displayed on the display screen. The imaging device 2 images the test signal so as to generate an image 
signal. In Figure 32B, the solid line shows a cross section of the image signal which is cut along the 
20 scanning line. As is shown in Figure 32B, the image signal is saturated in a high brightness region, due to 
the fluorescent material saturation characteristics shown in Figure 31. 

In order to correct the saturation characteristics, the CPU 17 calculates the difference between the 
image signal indicated by the solid line and a signal having a linear characteristics indicated by the broken 
line in Figure 32B as an error value, and makes a gamma correction by controlling the gamma correction 
25 circuit 59 to eliminate the error value. 

The calculation of the error value for the gamma correction will be described in detail below with 
reference to Figures 32C to 32F. 

Figure 32C shows a first difference of the signal having the linear characteristics indicated by the 
broken line in Figure 32B. Figure 32D shows a first difference of the image signal having the fluorescent 
30 material saturation characteristics indicated by the solid line in Figure 32B. 

Figure 32E shows a second difference of the above linear-characteristics signal, and Figure 32F shows 
a second difference of the above saturation-characteristicssignal. 

In Figures 32C to 32F, the difference is taken only for the portion along one side leading to the crest of 
the signal of Figure 32B. However, it will be recognized that the following discussion with reference to 
35 Figures 32C to 32F also holds even if the difference is taken over the entire region of the signal. 

From comparison between Figures 32E and 32F, it can be seen that the sum of the absolute values of 
the second difference of the saturation-characteristics signal indicated by the solid line in Figure 32B is 
greater than the sum of the absolute values of the second difference of the linear-characteristics signal 
indicated by the broken line in Figure 32B. 
40 The CPU 17 calculates the sum of the absolute values of the second difference derived from the 
saturation characteristics of the fluorescent material, as an error value of the gamma characteristics. 

Further, the CPU 17 supplies the error value of the gamma characteristics to the gamma correction 
circuit 59. The gamma correction circuit 59 modulates the test signal waveform to be applied to the CRT, as 
is indicated by a solid line in Figure 32G. As a result, the test signal displayed on the display screen is 
45 corrected to have linear characteristics over all signal levels, as is indicated by the broken line in Figure 
32G. This makes it possible to maintain consistent chromaticity over all of regions from the low to high 
brightness regions. 

Next, the uniformity adjustment will be described below. 

The objective of the uniformity adjustment is to correct an error in brightness balance between various 
50 portions of the display screen. Such an error is derived from the projection tubes and optics (lens and 
screen). Similar operations to those described above are performed, and a uniformity control signal is 
produced using the medium-level signal (50 to 60%) shown in Figure 33. 

The uniformity correction signal is supplied to the uniformity correction circuit 58. The uniformity 
correction circuit includes an analog modulator for multiplying the correction signal by the video signal so 
55 as to produce a modulated video signal. By controlling the amplitude of each of the R, G and B signals that 
drive the CRT, the uniformity adjustment for displaying a uniform image over the display screen is made 
automatically. 
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In detecting the level of the photoelectric converted signal for brightness adjustment it will become 
necessary to dynamically vary the gain of the signal input to the A/D converter in accordance with the mode 
of brightness adjustment in consideration of the number of quantization bits of the A/D converter 

Th.s w.ll be explained using the operation control table shown in Table 3. Table 3 shows the signal gain 
at the preceding stage to the A/D converter and CRT gamma correction for each mode of brightness 



Table 3 



w 



75 



Adjustment item 


A/D gain 


Gamma coefficient 


Lowlight adjustment 


Large 


© Gamma correction No 


Highlight adjustment 


Small 


© Gamma correction Yes 


Gamma adjustment 


Small 


© Gamma correction Yes 


Uniformity adjustment 


Middle 


© Gamma correction Yes 



20 



25 



30 



35 



40 



45 



50 



55 



n ,j ,S ;. We Wi " ! Xplain wh * CRT 9 amma correction needs to be introduced in order to perform optimum 
quantization over the entire gray scale range of the test signal as shown in Figure 33 

In F.gure 33. the solid line shows the light emitting characteristics of the CRT. The CRT has a qamma 
coefficient of 2 2. By comparing the amount of brightness change in a lower drive voltage region with the 

^ n rn '? r 3 !,^ 3 " 96 in 3 hi9her dfive V0 ' ta9e re9i0n " h can be seen ,hat the ^n^tivity increases 
rapidly in the higher drive voltage region. 

andA^D^^verSs 11 ^ 3 " 1 ^ °" *™ ^ °* ^ ^ nUmber ° f ^ntization Ms of D/A 

thP hinhU 5 ^ 1 " 'r 6 ' driVe VOl,aQe re9i ° n - the 3m0Unt ° f bri 9htness change per bit is small, whereas in 
the higher drive voltage reg.on. the amount of brightness change per bit becomes very large. As a result 

nrton^T ^'^i^ ^ ^ ^ 9 ^ SCa,e ran " is varied - The variation ° f the detection sensitivity 
prevents detection and correction with high accuracy and requires 10 or more quantization bits 

in* IiTL 0 ' 6, k C ° rreCli ° n iS made S ° ,hat the SCreen brightness is proportional to the drive voltage, as is 
nd.cated by a broken bne in Figure 33. thereby realizing consistent detection sensitivity and accuracy over 
the entire gray scale range and thus achieving level detection with high accuracy 

It is generally considered that the number of quantization bits required for white balance adjustment and 
gamma correction is 10 (1024 gray scales). ujusimeiu anu 

In the present invention, the gain at the preceding stage to A/D is controlled and the CRT qamma 
quanfeafon'biS ** *" ad ' iUM modes - This makes il PO-* to process with 8-bit 

^nt S JT,n n ° P f ati ° n C ° ntr °' tab ' e ° f Tab ' e 2 ' f0r low,i 9 ht Adjustment the gain at the preceding 
stage to A/D is increased so as to detect the range of the low brightness region (10 to 30 V) with a qamma 
correction coefficient indicated by a solid line (no gamma correction applied); for highlight and gamma 
adjustments, the gam at the preceding stage to A/D is reduced so as to detect the range oHhe low toZh 
brightness regions (10 to 100 V). with a gamma correction coefficient indicated by a broken line (gamma 
correction applied); and for uniformity adjustment, the gain at the preceding stage to A/D is set to an 
intermediate level so as to detect the range of the medium brightness region (10 to 60 V) with a qamma 

acc r uTv n i,T ,iCie h nt in ?' Cat8d bV 3 br ° ken (93mma COfrecti0n a ?e lied >- Level Section of high 
accuracy is thus achieved. 

Thus, brightness corrections, such as white balance and uniformity, are automatically made 
Next, the focus adjustment will be described with reference to Figures 34A to 34D 
For automatic electrical focus adjustment, the test signal generator 5 generates a test signal 61 for the 
ecus adjustment. The test signal 61 has, for example, a waveform having a cut shown in Figure 34B The 
test signal 61 .s supplied to the brightness corrector 7. and is displayed on the display screen 13 as is 
shown m F.gure 34A. This is similar to the case of convergence adjustment mentioned above 

has ^ri^'T deViC f 2 imag8S t6St Si9na ' 61 S ° 35 l ° 96nerate an ima 9 e si 9 nal - Trie image signal 
nas, lor example, waveforms shown in Figures 34C and 34D. 

The image signal having a tetrahedron shaped waveform is supplied lo the A/D 15. The A/D 15 converts 
the image signal into a digital signal. w 
The digital signal output from the A/D 15 is stored in the frame memory 16 as display information. 
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The CPU 17 reads data stored in the frame memory 16 for each of the adjustment regions and 
calculates a level and an error value of the image signal. 

The resulting signal output from the CPU 17 is supplied to the correction signal generating circuit 18. 
The correction signal generating circuit 18 generates a correction signal for the focus adjustment. The 
5 correction signal is supplied to the focus corrector 11 in the display device 1. 

In detecting a level of the signal, the CPU 17 detects an image signal having a waveform, as is shown 
in Figures 34C and 34D, and calculates a correction waveform for producing a waveform, such as shown in 
Figure 34D, that minimizes the cut level for each correction region. 

By driving the focus corrector 11 with this correction data, a photoelectric converted signal with focus 
io adjustment made for peripheral portions can be obtained by the CCD camera 14. 

In this manner, the cut in the pattern signal for each adjustment point on the display screen is detected, 
and the amount of correction is calculated where the level is the smallest, i.e., the modulation transfer 
function (MTF) of the cut pulse component is the greatest. 

In the above method, the best focus point is extracted by MTF. Alternatively, the high frequency 
75 component of the signal may be extracted to obtain the same result. 

A cut pulse for focus adjustment is inserted near the crest of the test signal having a tetrahedron 
shaped waveform, as is shown in Figure 34B. This is because the test signal near to the crest is free from 
effects of linear approximation calculations and the test signal is also available for calculating the position of 
the centroid detection for the convergence adjustment, etc. 
20 Next, the method of generating test signals to be used for the above-described adjustments will be 

described in detail with reference to Figure 35. 

The horizontal synchronization signal is supplied to a phase-locked loop circuit (PLL) 62. The PLL 62 
generates a reference clock signal synchronized to the horizontal synchronization signal, and supplies the 
reference clock signal to a horizontal counter 63. The horizontal counter 63 generates an address signal in 
25 the vertical direction. 

The horizontal address signal output from the horizontal counter 63 and the vertical synchronization 
signal are supplied to a vertical counter 64. The vertical counter 64 generates an address signal in the 
vertical direction. 

The address signals from the horizontal counter 63 and vertical counter 64 are supplied to a test signal 
30 ROM(1) 65 and also to a test signal ROM(2) 66. 

The test signal ROM(1) 65 holds a test signal having a tetrahedron shaped waveform for convergence 
adjustments, such as shown in Figure 29E, while the test signal ROM(2) 66 holds a test signal having a 
window-like shape for white balance adjustments, such as shown in Figure 29B. 

The test signal output from the test signal ROM(1) 65 and the test signal output from the test signal 
35 ROM(2) 66 are supplied to a selector circuit 67. The selector circuit 67 outputs the selected test signal 
according to the adjustment mode. 

The signal output from the selector circuit 67 is supplied to a gamma correction ROM(3) 68. The 
gamma correction ROM(3) 68 makes a gamma correction for the CRT gamma of the display device. 

In Figure 33, a solid line indicates the CRT input drive voltage versus screen brightness characteristics. 
40 As shown in Figure 33, the screen brightness is a function of the drive voltage raised to the approximately 
2.2 power. 

The digital signal from the gamma correction ROM(3) 68 is supplied to an A/D converter 69. The A/D 
converter 69 converts the digital signal into an analog signal. 

The analog signal from the A/D converter 69 is supplied to a low-pass filter (LPF) 70. The LPF 70 
45 smooths the analog signal in the horizontal direction, and supplies the resulting signal to a selector circuit 
71. 

The address signals from the horizontal counter 63 and vertical counter 64 are also supplied to a cut 
pulse generating circuit 72 which generates a cut pulse for focus adjustment. 

The cut pulse from the cut pulse generating circuit 72 is supplied to the selector circuit 71. In the focus . 
50 adjustment mode, the selector circuit 71 outputs a tetrahedron shaped test signal having a cut, such as 
shown in Figure 34B. 

Referring to Figures 36A and 36B, a multiscan-compatible method of generating a test signal having a 
tetrahedron shape waveform will be described below. 

Briefly, this method includes providing a plurality of test signal generation regions in the horizontal and 
55 vertical directions on the display screen, storing correction data for each generation region in a memory, 
and interpolating data in the horizontal and vertical directions, thereby displaying the same number of lest 
signals regardless of the change in the scanning frequency. 
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Figure 36A shows a configuration of the test signal generator 5. The test signal generator 5 includes an 
address generating circuit 49 for generating various address signals based on the synchronization signals; 
an arithmetic circuit 51 for calculating correction data based on a control signal; a memory 50 for storing 
data for each lest signal region; an interpolation circuit 52 for interpolating data between correction points; a 
5 D/A converter 53 for converting the interpolated data into an analog amount; and a low-pass niter (LPF) 54 
for smoothing the analog amount. 

An approximation calculation in the interpolation circuit 52 will be outlined with reference to Figure 36B. 
As shown in Figure 36B, correction data is input to a test signal generation region T1, and with this region 
as the center, a curve approximation calculation corresponding to the previously described gamma 
io correction is performed, thereby accomplishing data interpolation in the horizontal and vertical directions, as 
indicated by the solid lines. The resulting signal is supplied to the display device. When the signal 
displayed on the display screen is photoelectric converted, the signal having a tetrahedron shaped 
waveform indicated by the broken linos in Figure 36B is obtained. In this manner the same number of 
signals, with their curved slopes corrected to linear sections when photoelectric converted, can always be 
15 produced. 

Thus, by generating test signals appropriate to the CRT gamma of the display device, the detection 
sensitivity and accuracy are maintained consistent over the entire gray scale range, thus achieving position 
and level detection with high accuracy while at the same time, simplifying the approximation calculation 
operation for the calculation of the centroid. 

In the above embodiment, correction for the CRT gamma of the display device has been described as 
being made at the test signal generating side. However, it will be appreciated that gamma correction may 
be made anywhere within the loop including test signal generation, image display, imaging and centroid 
detection. 

Geometric distortion, convergence, white balance, and focus corrections have been described in detail. 
The relationships among these adjustments and the sequence of adjustments will be summarized below 
with reference to Figure 37. 

At step SI, initial setup is done for the display device to be corrected and the image correction 
apparatus. 

At step S2, the focus correction is made. This is because the saturation characteristics of the B 
30 fluorescent material largely depends on the focus characteristics. 

At steps S3 to S5, the white balance corrections, i.e. lowlight. highlight, and gamma corrections, are 
made for the center region of the display screen. 

At step S7, the uniformity correction is made for the white balance correction over the entire display 
screen. 

35 The steps from S3 to S8 are in a mode for level detection of the image information. 

At steps S9 and S10, display region corrections are made with respect to the size and phase of the 
display screen on the display device. 

At steps S12 and S13, the geometric distortion corrections are made for each of the correction regions. 
At step S15 and S16, the convergence (separation of colors) corrections are made for each of the 
40 correction regions. 

The steps from S9 to S17 are in a mode for position detection of the image information. When proper 
convergence is achieved, the correction procedure is completed. 

The accuracy of centroid detection depends on the linearity of the test signal. In the above procedure, 
since geometric distortion and convergence corrections are made after gamma correction in the level 
45 detection process. Accordingly, the correction with high accuracy can be achieved. 

As described above, a test signal having a tetrahedral-like shape is captured by the imaging device so 
as to generate an image signal, and the centroid and the level of the image signal are detected to calculate 
an error value for each color; using each calculated signal, correction waveforms are automatically 
generated for correction of convergence, geometric distortion, brightness, and focus, thus eliminating the 
need for various complex adjustment work procedures, and achieving a drastic reduction in the adjustment 
time. 

The present invention has been described by taking a display device with a CRT as an example 
However, it will be appreciated that the invention is also effective for other types of display devices. 

In the description of the present invention, a CCD camera has been used as the imaging device for 
detecting image light. However, a two-dimensional or one-dimensional detection device may be used 
instead. 

Furthermore, in the present invention, a signal communicating between the correction circuit and the 
image enlarging projection display device is a signal having a correction waveform for correcting the driving 
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circuit in the display device. Alternatively, the signal may be a control signal for controlling directly the 
correction waveforms. 

The above description of the present invention has dealt with a method of performing convergence 
corrections in analog form by splitting the screen. However, the invention is not limited to Ihe illustrated 
5 method. Any olher method capable of achieving convergence adjustments effectively may be employed. 

In the above description of the present invention, a tetrahedron shaped photoelectric converted signal 
which varies substantially linearly in rising and falling portions is obtained by the imaging device, and the 
position of the centroid in the horizontal and vertical directions is calculated based on the signal for each 
region by the use of the linear approximation method. However, it will be appreciated that nonlinear 
io approximation method may be used to calculate the position of the centroid if such approximation can be 
made in a simple way. 

In the present invention, PLL has been used to control the phase of the clock signal. However, other 
control elements may be used instead. Furthermore, in the invention, sample points are varied by 
controlling the clock signal. However, this may be accomplished by controlling the phase of the input signal. 

75 In the present invention, for gamma correction, a second difference signal has been used to calculate 

the linearity of the test signal pattern. However, differential signals of other orders may be used. 

In the present invention, a tetrahedron shaped signal or a ramp signal in the vertical direction has been 
used as the test signal for gamma correction. Alternatively, a ramp signal in the horizontal direction or a 
staircase waveform varying in a step-like manner may be used as the test signal. 

20 In the present invention, correction for the CRT gamma of the display device has been made at the test 

signal generating side. However, it will be appreciated that gamma correction may be made anywhere 
within the loop including test signal generation, image display, imaging, and centroid detection. 

In the present invention, corrections have been made in the order of focus, white balance, geometric 
distortion, and convergence. However, the sequence order may be changed as necessary. 

25 The description of the present invention has dealt with a two-piece construction in which the display 

device and the detection system are separate units. However, in the case of a one-piece construction such 
as a rear projection type video projector, it may be so configured as to detect the display screen from the 
rear side. In the case of a direct-view display, a detection device may be provided inside the CRT. 

The present invention has been described by taking a single-screen display device. However, it will be 

30 appreciated that the invention is also applicable to a multi-screen display device consisting of a plurality of 
display screens. 

Various other modifications will be apparent to and' can be readily made by those skilled in the art 
without departing from the scope and spirit of this invention. Accordingly, it is not intended that the scope of 
the claims appended hereto be limited to the description as set forth herein, but rather that the claims be 
35 broadly construed. 

Claims 

1. An apparatus for correcting images, comprising: 

40 test signal generating means for generating a test signal; 

display means for displaying said test signal in a region on a display screen; 

imaging means for imaging said test signal displayed on said display screen in a scanning 
direction so as to produce an image signal having a rising linear portion and a falling linear portion 
along said scanning direction; 
45 position calculating means for calculating a position of a centroid of said image signal for each of 

R, G and B colors, based on said rising linear portion and said falling linear portion; 

error detecting means for detecting an amount of error between said detected positions of said 
centroids for R, G and B colors; 

correction signal generating means for generating a correction signal for correcting a convergence 
50 and a geometric distortion for said region, based on said amount of said error; and 

correcting means for correcting said convergence and said geometric distortion for said region, 
based on said correction signal. 

2. An apparatus according to claim 1, wherein said image signal has a tetrahedron shaped waveform, 
55 where said tetrahedron has a base plane which is parallel to said display screen and a height in a level 

direction of said image signal. 
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^!^r, ratU HK CCOrC ! in9 10 C ' aim 1 ' Wh6rein Said poSi,ion calculating means calcu.ates said position of 
said centroid by applying a linear approximation. P^'uon or 

An apparatus according to claim wherein said position calculating means further calcu.ates a relative 

SnnTnt e " Said dis P ,a * mea " s a " d ^ -aging means, based on a slope of said 

ns.ng linear portion and a slope of said falling linear portion. 

clock signal generating means for generating a clock signal for sampling- 

converting means for converting said analog image signal into a digital image signal having a 
plurality of discrete levels by the use of said clock signal; 9 

signah' CU,atin9 Ca ' CU ' atin9 Said p0sition of * aid centroid according to said digital image 

dioitaMml?^" 19 IT 3 " 5 I 0 ' S w iftin9 3 Ph3Se ° f S3id C '° Ck Si9na ' under a condi « on »»t when said 
digital .mage signal has a first discrete level at an edge of said clock signal, said digital image signal 

"^rr:,^ is different uom ^ ^ — ~ ^ at - 9 4: 

An apparatus according to claim 1, wherein said display screen has at least one region each having a 

aone r ° e T ,a, H na me3nS de,ermineS ^ ° rd6r in WWCh Said CO - Cti - i 
generated, based on said size of said region. 

An apparefos acceding to claim I. wherein said display screen has .1 least one region, said correction 

STJ!ZttZZ Mmes an ° ,de ,ch said is ™ -S^ 
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An apparatus for correcting images, comprising: 

test signal generating means for generating a test signal; 
display means for displaying said test signal on a display screen- 
.maging means for imaging said test signal displayed on said display screen in a scannino 
d.rect.on so as to produce an image signal having at least one of a rising linear portion and a TaS nq 
linear portion along said scanning direction- 9 

- faNingTne^fpoS """" ** Ca ' CU ' atin9 * " * ^ ^ °< M ^ ^ a " d said 

error detecting means for detecting an amount of error between said detected level of said imaoe 
signal and a level of a saturated signal due to saturation characteristics of fluorescent material ' 

corr e C r°Z Ct hT T*' 9e " eratin9 means for generating a gamma correction signal for making a gamma 
correction, based on said amount of said error; and 

<o correcting means for making said gamma correction, based on said gamma correction signal. 

9 ' er n ror P bv ar tt U£ , TTl«° T ?' Wh6rein ^ means detects said *™»<* <* ™* 

signal ^ ° f ^ imaQe Si9nal and 3 differential *Qnal of said saturated 
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10 ' ^e^dT,^"' 1 " 9 ."' C ' aim 8 ' Whe ' ein Sai " lma " si 9" al has 8 teWhedron shaped waveform 

sets s~: : as „r ase p,ane * cn is para,,e ' ,o saw — « ■ » ■ — 
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(54) Image correction apparatus 

(57) An apparatus for correcting images includes: a 
test signal generator for generating a test signal; a dis- 
play device for displaying the test signal in a region on a 
display screen; an imaging device for imaging the test 
signal displayed on the display screen in a scanning 
direction so as to produce an image signal having a ris- 
ing linear portion and a falling linear portion along the 
scanning direction; a position calculator for calculating a 



position of a centroid of the image signal for each of R, 
G and B colors, based on the rising linear portion and 
the falling linear portion; an error detector for detecting 
an amount of error between the detected positions of 
the centroids for R. G and B colors; a correction circuit 
for correcting a convergence and a geometric distortion 
for the region, based on the amount of error. 
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